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Abstract. The Accademia Pilot Project concerns one of the
lesser known buildings of Hadrian’s Villa, the Accademia,
which is still in private property and is not open to the pub-
lic. One of the most signiﬁcant and unique features of this
building – and of the whole Villa – is a network of subter-
ranean service corridors, which was seldom studied.
For the ﬁrst time we used Geophysics at Hadrian’s Villa,
to explore the subterranean tunnels of the Accademia and re-
construct their layout. The survey was done by archaeologist
Anna Maria Marras for her Master thesis in Geo-technology
(Marras, 2008) and gave very interesting results.
1 Introduction
The Accademia Pilot Project is focused on the Accademia
and the surrounding grounds of the Accademia Esplanade
(planFig.1), whichisthehighestartiﬁcialterraceoftheVilla
– a real Acropolis – and belongs to the Bulgarini family since
the XVII century.
Information on the Accademia strongly needs to be up-
dated: the last excavations were made in the XIX century, the
most recent (and incomplete) plan was published in 1950,
while other surveys remained unpublished.
The project consists of ﬁve main phases:
1. Collectionofarchivedocumentsandpreviousbibliogra-
phy: maps, plans, engravings and pictures, antiquarian
and modern texts.
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2. General survey of visible and standing structures: with
Total Station, Gps, Laser Scanner, Photogrammetry, to
draw a brand new plan of the building and the surround-
ing area.
3. Search of buried structures and subterranean tunnels
known from antiquarian plans.
4. Remote sensing: Lidar and Infra-red photographs.
5. Data processing, creation of a GIS data base, publica-
tion and dissemination of results.
2 Comparing ancient and modern plans
The Accademia had a main entrance or Belvedere (A in plan
of Fig. 2), a central porch (B), a large apsed court named
Zooteca (C) and a great circular hall, the so called Apollo’s
Temple (D), its best preserved structure. On the northern side
of the porch was a stair (F), descending to the subterranean
service tunnels.
The most signiﬁcant antiquarian plans of the Accademia
are two: the older one is by Francesco Contini (the ﬁrst gen-
eral plan of the Villa), published in 1668. The second was
drawn a century later by Giovan Battista Piranesi, and pub-
lished after his death by his son Francesco, in 1781. This
plan was largely copied by the subsequent scholars, includ-
ing modern ones like Eugenia Salza Prina Ricotti.
Two german scholars made the most recent surveys of the
site: Heinz K¨ ahler, who published a partial plan in 1950, and
Friedrich Rakob, who worked in the Accademia in the years
1991–1993 with architects Faller, Helfgen and Kr¨ uck; their
work is still unpublished, but I was able to see the documents
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Fig. 1. General plan of Hadrian’s Villa: on lower right is outlined the Accademia Esplanade area. Blue dots mark the border between public
and private property (from Salza Prina Ricotti, 1982).
and the drawings. Also the american architects Robert Man-
gurian and Mary-Ann Ray worked for several years in the
Villa, ad surveyed the Accademia from 1990 to 1995; they
too gave me some pictures and plans, precious documenta-
tion of their work, which is still unpublished.
During the third phase of our project we decided to fo-
cus on the subterranean service corridors. The plan by Pi-
ranesi (Fig. 3, n. 1) shows a Cryptoporticus (A) and several
corridors linked to it (B). Eugenia Salza Prina Ricotti pub-
lished two plans of the Accademia (Fig. 3, nos. 2–3) with
two different proposed layouts for the same corridors (B).
The new plan produced by our survey (Fig. 3, n. 4) showed
that the plan of Piranesi and the ﬁrst plan of Salza Prina Ri-
cotti (1982) are quite accurate, while her later plan (2000)
was proven wrong as far as corridor B is concerned.
In the previous plans are drawn other tunnels linked to
the stair F, on the northern side of the porch (Fig. 4). The
preparatorydrawing(nowinNaplesintheLibraryoftheCer-
tosa di San Martino) and the ﬁnal plan published by Piranesi
show a stair (F) and a T shaped a subterranean corridor (C),
which was parallel to the northern side of the porch (Fig. 4a–
b). They also show the Cryptoporticus (A), and the related
tunnels under the apsed room (B).
The two plans by Salza Prina Ricotti (1982 and 2000,
Fig. 4c–d) show a completely different layout: tunnel C is V
shaped, and in the plan of 2000 is hypothetically connected
with a “new” bearing of tunnel B, passing under the circular
hall of the so called Apollo’s Temple. The plan of Crypto-
porticus A is more or less the same in all plans.
Since the layout of the tunnels C was different in each
plan, we needed to understand which one was correct; we
also intended to reconstruct the whole network of the subter-
ranean tunnels.
3 New non-destructive technologies: geophysics
Unfortunately, it is not possible to make excavations in the
Accademia, because of the bureaucracy involved and – last
but not least – the usual lack of funding. Therefore we de-
cided to make the most of the new technologies available to-
day, such as Geophysics. First of all, we had to decide which
instrument could give the best result: Magnetometer, Ground
Penetrating Radar (GPR) or Geo-resistivimeter?
Magnetometer was the ﬁrst option out: the grounds of the
Accademia are full of iron scraps and barbed-wire, so we
knew that it was not going to work. We were doubtful also
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Fig. 2. Plan of the Accademia: (A) Belvedere; (B) inner porch; (C):
so called Zooteca; (D): Apollo’s Temple; (F): stair descending to the
subterranean tunnels (from Winnefeld, 1895).
about Ground Penetrating Radar (GPR), since we did not
know how the tunnels excavated in the tufa rock and ﬁlled
with tufa sherds and dirt would respond to the instrument.
Finally we decided to use a Geo-resistivimeter: the exper-
imental survey – as we said – was the subject of the Geo-
technology Master thesis of archaeologist Anna Maria Mar-
ras, at the University of Siena. We had very interesting re-
sults and we plan to extend the search to the rest of the Ac-
cademia building and surrounding area.
4 The survey
We decided to start our survey measuring the subterranean
tunnel linked to stair F (Fig. 5), on the northern side of the
Accademia main porch. This stair goes down for a couple of
meters, giving access to a V shaped tunnel C (Fig. 6) which is
still partly visible and accessible in the initial part, while the
rest is ﬁlled with dirt and debris. This was the ideal situation
to test the instrument and to adjust it in order to detect the
following buried sections of the tunnels. The results were
extremely interesting.
Starting from the geological features of the ground, we
were able to map the resistivity according to the values
that are peculiar of tufa rock. They were compared to the
resistivity values of limestone, travertine and marble, and
also with the signals coming from the empty space of hol-
lows that we were expecting to ﬁnd while searching for the
subterranean tunnels.
Our scale has 17 different colors, each one corresponding
to a single resistivity value (Fig. 7). The undisturbed geologi-
calstrataatthelowerlevelcorrespondtothetufarock, whose
resistivity value is below 160ohmm. Within this range of
values, the lower ones (Fig. 7, on the left side of our scale –
blue colors) are due to a higher moisture within the tufa rock
itself.
Higher resistivity values (Fig. 7, on the right side of our
scale – orange colors) are due to the presence of building ma-
terials such as marble, travertine and limestone, which have
a higher resistivity rate than tufa rock. Generally speaking,
in the strata closer to the surface these materials are mixed
with tufa sherds, giving another response on the instrument.
Since our research was focused on subterranean tunnels, it
is important to point out that when a cavity or hollow is wide
enough to be detected by the Geo-resistivimeter, its resistiv-
ity values are extremely high (Fig. 7, far right of our scale –
deep red colors). This data must be cross-checked with the
position and depth of the hollow space.
We used a Terrameter SAS 1000 Geo-resistivimeter
(Fig. 8), built by Abem Instrument (Sweden), working with
metallic electrodes (Fig. 9) with galvanic coupling. We
created a grid, made of 17 different measurements, set 4–
5m apart one from the other (Figs. 10–11). The length of
each measurement ranged from 31.5 to 37.81m, and the dis-
tance between cathodes was 0.50–0.60m. We chose to use
a Schlumberger Array (Fig. 12), reaching a maximum depth
of 10m.
We explored tunnel C, which is still accessible for about
6m, reaching the point where the galleries split in two dif-
ferent branches (see again Fig. 6); we were able to go further
on, for less than a meter.
We were able to draw a new plan of the subterranean tun-
nels, with the accessible and the buried parts outlined in blue
or red (Fig. 13). When we superimposed our plan to the pre-
vious ones (Fig. 14), we saw that the T shaped tunnel of Pi-
ranesi (Fig. 14b) was wrong. The V shaped tunnels drawn
by Salza Prina Ricotti (Fig. 14c) proved to be correct in their
accessible part. On the contrary, the layout of their buried
parts that we were able to detect is completely different from
what she assumed, especially in the left branch of the tunnel.
Comparing our plan with the one by Piranesi, we also dis-
covered that the buried left branch of the tunnel ended under
the circular hall of the so called Apollo’s temple (Fig. 15),
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Fig. 3. Comparing ancient and modern plans of the subterranean network of service tunnels. 1: Piranesi 1781; 2: Salza Prina Ricotti 1982;
3: Salza Prina Ricotti 2000; 4: De Franceschini – Pavanello 2006. (A) Cryptoporticus; (B) corridors linked to the Cryptoporticus.
in the same point where Piranesi drew one of the galleries B
(see Fig. 14b, marked by an asterisk). This is a very impor-
tant result, because it proves that the two groups of tunnels
(one linked to the Cryptoporticus A, the other to stair F) were
connected together and belonged to one and same network of
service galleries under the Accademia.
5 Conclusions
The plan of Piranesi is more than two centuries old but, de-
spite the “technology” he used at his time, it proved to be
surprisingly precise and reliable. It remains a fundamental
starting point for any study or survey in Hadrian’s Villa, an
invaluable key to understand this extraordinary archaeologi-
cal site.
Information technology makes it very easy to compare
ancient and modern plans and to detect and correct their
faults and mistakes. Geophysics is a non-invasive and non-
destructive method of survey, which gave very interesting
and signiﬁcant results. We plan to use it more extensively
in the Accademia to detect the layout of other subterranean
tunnels visible in the antiquarian plans.
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Fig. 4. Comparing ancient and modern plans of the tunnels C under the main porch. (a) plan by Piranesi 1781; (b) preparatory drawing of
Piranesi; (c) Salza Prina Ricotti 1982; (d) Salza Prina Ricotti (2000).
Fig. 5. The stair F descending to the subterranean tunnel C (photo M. De Franceschini).
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Fig. 6. The last accessible part of tunnel C, where it splits in two different galleries (photo M. De Franceschini).
Fig. 7. Our resistivity scale of colors, corresponding to different materials (A. M. Marras).
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Fig. 8. The Geo-Resistivimeter used in our survey, a Terrameter SAS 1000, built by Abem Instrument (Sweden) (photo A. M. Marras).
Fig. 9. Detail of the electrodes used in our survey (photo A. M. Marras).
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Fig. 10. Plan of our geo-resistivimeter measurements (A. M. Marras).
Fig. 11. View of the surveyed area in the northern part of the inner porch, with part of the measuring grid (photo A. M. Marras).
Adv. Geosci., 24, 3–13, 2010 www.adv-geosci.net/24/3/2010/M. De Franceschini and A. M. Marras: New discoveries with Geophysics in Hadrian’s Villa 11
Fig. 12. Model resistivity of our survey (A. M. Marras).
Fig. 13. Our new plan of the subterranean tunnels under the Accademia main porch. The accessible part of the tunnels is outlined in blue,
the layout reconstructed with geo-resistivimeter is in red (photo A. M. Marras).
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Fig. 14. Comparing our new plan (by A. M. Marras) with the previous ones. (a) layout of the tunnels superimposed to our new plan; (b) the
same over the plan by Piranesi: the asterisk shows where our tunnel connects to the one drawn by Piranesi under the Apollo’s Temple; (c)
over the plan by Salza Prina Ricotti: her layout (in green) was proven wrong for the left branch of the tunnel.
Fig. 15. Measurement n. 15 and the Apollo’s Temple in the background (see plan Fig. 10) (photo A. M. Marras).
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